Abstract. Hepatitis B virus (HBV) infection is one of the major causes of hepatocellular carcinoma (HCC). Kinesin family member 4A (KIF4A) is a microtubule-based motor protein, which is upregulated in cervical and lung cancer. However, the expression of KIF4A in HBV-associated HCC, and the effect of HBV on the expression of KIF4A remain to be elucidated. In the present study, the expression profiles of KIF4A were examined in cancerous tissues and paracancerous tissues from patients with HCC, who presented with histories of chronic HBV infection, and the role of HBV in the induction of the expression of KIF4A was investigated. HepG2 cells were transfected with the pHBV1.3, HBV infectious clone and a construct, which contained the luciferase gene under the control of the KIF4A gene promoter. The results demonstrated that the expression of KIF4A was significantly higher in the HCC tissues than in the paracancerous tissues. HBV activated the KIF4A gene promoter and upregulated the mRNA and protein expression of KIF4A. Furthermore, activation of the gene expression of KIF4A increased in a pHBV1.3 concentration-dependent manner. These results provide novel insights into the understanding of HCC oncogenesis caused by HBV.
Introduction
Primary hepatocellular carcinoma (HCC), which occurs in the liver parenchymal cells or the epithelial cells of the intrahepatic bile duct, is one of the most clinically common and damaging types of malignant cancer. The high rate of malignancy that is associated with HCC is associated with reduced survival rates in patients (1) . In particular, the 5-year survival rate for HCC is ~3-5%, which corresponds to the third highest mortality rate of all types of cancer worldwide (2, 3) . HCC is primarily caused by hepatitis B virus (HBV) infection. Previous in-depth and extensive investigations of HBV-induced HCC have been performed to identify the specific pathogenic mechanisms by which HBV can cause HCC; however, these mechanisms remain to be fully elucidated (4) (5) (6) . In our preliminary study, microarray screening was used to identify genes with differences in expression between cancer tissues and paracancerous tissues in patients with HCC and histories of chronic HBV infection (7) . From this screen, kinesin family member 4A (KIF4A) was found to be highly expressed in the tumor tissues relative to the paracancerous tissues. The KIF4A gene maps to Xq13.1 in the human genome and encodes a 140-kDa protein, which is composed of 1,232 amino acids (8) (9) (10) . KIF4A, which is located predominantly in the cytoplasm and nuclei of cells, is a motor protein that has been closely associated with the intracellular movement of organelles, mitosis and meiosis, the growth and development of tissues and organs, neuronal development and signal transduction (11) (12) (13) . The present study aimed to evaluate the regulatory effects of HBV on the expression of KIF4A and to examine the molecular mechanisms underlying these effects. 5 cells/well) plates. Cell transfection was performed as follows: Transfection solutions were created by diluting 0.8 µg plasmid DNA and 2 µl Lipofectamine 2000 transfection reagent into 50 µl serum-and antibiotic-free RPMI-1640 culture medium (24-well plate), or by diluting 4 µg plasmid DNA and 6 µl Lipofectamine 2000 transfection reagent into 100 µl serum-and antibiotic-free RPMI-1640 culture medium (6-well plate). Following incubation of these solutions at room temperature for 20 min, the appropriate transfection solutions were transferred to the cell culture plates, and the cells were placed in a 5% CO 2 incubator for continued culture.
Materials and methods

Materials
Luciferase assay. The HepG2 cells were cultured for 48 h at 37˚C after transfection. The culture medium was then removed, and the cells were washed with phosphate-buffered saline (PBS; O'BioLab, Beijing, China). Lysis buffer (Beijing BLKW Biotech Co., Ltd., Beijing, China) was added to lyse the cells (100 µl/well). Following complete lysis of the cells, 50 µl of the cell lysate was mixed with 50 µl luciferin and a luminometer was used for determination of the optical density. Each experiment was repeated three times.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
The total RNA was first extracted from the tissue samples or the HepG2 cells using TRIzol, followed by treatment with DNase I (5 U/µl; Shanghai Haoran Biotechnology Co., Ltd., Shanghai, China). Subsequently, reverse transcriptase from the GoldScript One-Step RT-PCR kit (Invitrogen Life Technologies) was used to synthesize the complementary DNA (cDNA) using 1 µg of each RNA sample. Using the synthesized cDNA as a template, qPCR amplification was performed using the GeneAmp 9700 PCR System (Applied Biosystems Life Technologies, Foster City, CA, USA) and the following primers from Jingmei Biotech Co., Ltd. (Shenzhen, China), which were designed to detect the KIF4A gene: Forward 5'-TCAAGCAGAAACTGACCCTC-3' and reverse 5'-CGTTCAACAGTGCCCAAG-3'. Based on standard amplification procedures, the PCR cycling conditions involved 25 cycles of 94˚C for 45 sec, 56˚C for 45 sec and 72˚C for 45 sec. β-actin was used as an internal control, and 5 µl each PCR product was analyzed using 1% agarose gel (Jingmei Biotech Co., Ltd.) electrophoresis.
Western blot analysis. The tissues and HepG2 cells were lysed with 1X lysis buffer, sonicated on ice with the Ultrasonic Instrument (1 sec/ml; 5 times at setting 5; Shanghai Hao Chong Instrument Co., Ltd., Shanghai, China) and centrifuged at 13,000 x g for 5 min at 4˚C. The concentrations of protein in the sample supernatants were quantified using the Coomassie Brilliant Blue G-250 (Beinuo Biotech Co., Ltd., Shanghai, China) method. For each western blot, 30 µg protein from each sample was mixed with an equal volume of 5X loading buffer (0.5 mol/l Tris·HCl, 2.5 ml; DTT, 0.39 g; SDS, 0.5 g; bromophenol blue, 0.025 g; glycerol, 2.5 ml), boiled for 5 min in a 100˚C water bath, and separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis on a 12% gel. Following electrophoresis, the proteins were transferred onto a nitrocellulose membrane (Sigma-Aldrich). This membrane was blocked for 2 h at room temperature in PBS Tween-20 (PBST; O'BioLab) containing 5% nonfat milk, incubated with 1:600 polyclonal KIF4A antibody for 2 h at room temperature, washed three times with PBST, incubated with 1:5,000 HRP-conjugated goat anti-rabbit secondary antibody for 1 h, and then washed four times with PBST. An enhanced chemiluminescence system (Biomart, Beijing, China) was used to examine the chromogenic signal from the membrane.
Statistical analysis. The SPSS 13.0 software package (SPSS, Inc., Chicago, IL, USA) was used to process and analyze the experimental data. The data are presented as the mean ± standard deviation, and differences between the groups were compared using Student's t-test. P<0.05 was considered to indicate a statistically significant difference.
Results
Elevated expression levels of KIF4A in cancer tissues of patients with HCC. In our previous study, DNA microarrays were used to screen for differentially expressed genes in the paracancerous and cancerous tissues of patients with HCC, who presented with histories of chronic HBV infection (7). This screen revealed increased expression levels of KIF4A in the cancerous tissues, compared with the paracancerous tissues. To further confirm these results, the present study analyzed paracancerous and cancerous tissue samples from three patients with HCC using RT-qPCR and western blotting, to determine the differences in the mRNA and protein expression levels of KIF4A, respectively. The results of the RT-qPCR and western blot analysis revealed almost no expression of KIF4A in the paracancerous tissues, however significantly higher expression levels of KIF4A were observed in cancerous tissues (Figs. 1 and 2) .
Activation of the KIF4A gene promoter by HBV. To investigate the effect of HBV on the expression of KIF4A, the HepG2 cells were co-transfected with a plasmid encoding the pHBV1.3 HBV infectious clone and pKIF4A-Luc, in which the luciferase gene is driven by the KIF4A gene promoter. In addition, HepG2 cells were also transfected with an empty vector, pBlue-ks, and were included as a control group. The activities of luciferase in each group were subsequently measured to determine the activation of the KIF4A gene promoter by pHBV1.3. The results demonstrated that transfection with the pBlue-ks empty vector produced 157.5±12.4 RLU/µg protein of luciferase activity, whereas transfection with the pHBV1.3 vector produced 694.6±36.5 RLU/µg protein of luciferase activity (Fig. 3) . Statistical analysis confirmed the statistical significance of this difference (P<0.001), indicating that HBV activated the KIF4A gene promoter in the HepG2 cells. (Fig. 4) .
Upregulation of the mRNA expression of KIF4A by HBV. To investigate the effect of HBV on the mRNA expression of KIF4A, the HepG2 cells were transfected with different concentrations of pHBV1.3, an infectious clone of HBV. RT-qPCR was used to detect changes in the mRNA expression levels of KIF4A 48 h after transfection. The results indicated that HBV upregulated the mRNA expression of KIF4A, and that the mRNA expression of KIF4A increased as the concentration of pHBV1.3 increased (Fig. 5) . These findings were consistent with those of the luciferase activity analysis, described above.
Upregulation of the protein expression of KIF4A by HBV.
To examine the effects of HBV on the protein expression of KIF4A, different concentrations of pHBV1.3 were used to transfect the HepG2 cells. Western blot anaylsis was used to measure the protein expression of KIF4A 48 h after transfection. The results revealed that HBV increased the protein expression of KIF4A in the HepG2 cells in a dose-dependent manner (Fig. 6) .
Discussion
HBV infection is recognized as one of the major causes of primary HCC. Globally, 60-80% of primary HCC cases are caused by HBV, and ~0.4-0.6% of patients with chronic HBV infections are diagnosed with HCC each year (4, 5, 14) . To examine the pathogenic and carcinogenic mechanisms of HBV, our prelimanry study used cDNA microarrays to screen for genes, which were expressed at different levels in the cancerous and paracancerous tissues of patients with HCC. The results of this examination indicated that KIF4A was expressed at significantly higher levels in cancerous tissues than in paracancerous tissues.
As DNA microarrays can produce false positive results, the present study obtained cancerous and paracancerous tissue samples from three patients with HCC and histories of chronic HBV infection to confirm the KIF4A-associated results. RT-qPCR and western blotting were used to examine the expression of KIF4A, and the results indicated that KIF4A was expressed at significantly higher levels in the cancerous tissues, comapared with the paracancerous tissue. These findings were consistent with the microarray data.
Following transfection into the HepG2 cells, pHBV1.3, an infectious clone of HBV, can induce the packaging of mature viral particles (15, 16) . To further examine the molecular mechanisms underlying the upregulation of KIF4A by HBV, the present study constructed pKIF4A-Luc, which contained a luciferase reporter gene driven by the KIF4A gene promoter. The HepG2 cells were co-transfected with pKIF4A-Luc and pHBV1.3, and luciferase reporter assays were performed to determine the role of HBV in regulating the KIF4A gene promoter. Notable, these assays used luciferin as the substrate, which is oxidized in a luciferase-catalyzed reaction to produce bioluminescence that can be quantified using a luminometer (17) . The regulatory effects were evaluated based on the levels of luciferase activity following the addition of different quantities of pHBV1.3. The results demonstrated that pHBV1.3 activated the KIF4A gene promoter in a dose-dependent manner. The RT-qPCR and western blotting results revealed that HBV induced the expression of KIF4A in a dose-dependent manner at the mRNA and protein levels, respectively. These findings were consistent with the luciferase activity results.
KIF4A is a multifunctional protein. Previous studies have suggested that KIF4A is involved in responses to DNA damage and DNA repair pathways (12) . In particular, KIF4A can interact with the BRCA2 breast cancer susceptibility gene to regulate the BRCA2/Rad51 pathway, which is involved in the response to DNA damage (18) . Thus, KIF4A may be important in the incidence and development of breast cancer. KIF4A is overexpressed in cervical and lung cancer, downregulated in gastric cancer, and treatment of non-small cell lung carcinoma cells with specific siRNA to knockdown the expression of KIF4A results in suppression of cancer cell growth (11, 19, 20) .
In the present study, elevated expression levels of KIF4A were observed in tumor tissues from primary tumors of patients with HCC, who presented with histories of chronic HBV infection. A possible mechanism for this observation is that, upon HBV infection, the gene expression of KIF4A is upregulated in liver tissue, which contributes to liver carcinogenesis. However, the way in which HBV-dependent regulation of KIF4A is associated with liver tumor occurrence requires further investigation.
In conclusion, the present study examined the regulation of KIF4A by HBV at the molecular level and presented preliminary evidence for at least one of the potential carcinogenic mechanisms of HBV. 
